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2. 05; :-FI. ThiS is a root maf the' vector, difference
· Between he forecast and. the Obseved ind

'~"~ ~' 8; c ghic iniiawid

3. 0-N. The s e score as 2) wit; th ubstituted frhe
forecast.

j I The same score a ) ith the initial substituted f.or theforecate
5. FT. Tiiste EMS of, the. geost-rophic vector wind dfeec

betweenthe forecast and the in itial

6. F The OfbeMS of the geostroph-ic forecast wind.

7. 0. aTher EMS of the geostrophic observed wind.

8.iS nIt 'nThe eMs of rthe gett trophic initial 'wind.

DISCUSSION OF THE SCORE

'The score ~S is- a relative, er6ror and is fairly closely related''
to theI ra tI F(O:/. This swhere·a number

by~~~~~~~~~ ~ ilutaexainigth Faiato

of randomly stt h e lecd ai'rs ofe and (Fs-O)/O are ploed l

* of~~~~~~~~~~~ ~an EMS charatr huld be used with
o Veifca ion scores .nse c.aut ion.' It oi frequetly possible to mobtai ay better rating
witha carelessly slced, scre by taking advantage of its response

.~",~i ~ Wh ' .-" eeit s",(, r' .. ;'',--

to various factors-. TUs underforecasting change frequently results
in a better scores han nacorect amou of hae rctly placed.

~'. i~~the forecast'charts :w-yree hgl cua e. therisomquton

Similarl thing of a:field may imreove an EMS score. the
F.I, Item could Possbl b sed to "normializel" forecast scoresi

dplbcros ur;

his respecte- but thiehas not eenl done he.

~~~~~b tista', the Shudb~ Le~aen'a anie jiero&qalty
ne s~~~~6h: sco~easre a:

Oeof the.' disavntgsofscsoe as S or (F-o)/ as
applied here is, a variat~ion writh height. A:Jlthougi the' -score.' is
better (lowyer-) at -the :higher elevation ~the "1skill" of the forecast

is ot necessarily bfette. The 'objection m~ay. perhaps 'be brought out
byexamining the varaino ON/. Ti cre is also better

(lower.) at the higher elevations'. The imp~rovled score is ~clearly due
tthe nomlincreiase of zonal winds with elevation, so that a are

~part of the tfore3~castl' sams uoaia~ correct at the hgher
levels.

Although. scores of this8 natture, should be; fully sat isfactory If
the f oreceast charts w ere! highly acuaeLhr s some question

at our- present- leveli of accuracyc, as' to how much'they look at the,
same proprisasasnpic Meteorologist does Cranyat this

sta they should. not be. taken ;ais anecuIvemesure of qaiy&~~~~~~~~~~~~~~~~~~~~~~~~ 



1ERFICATION DA.T

iv \ ;f iS tz 0 t0 2 = * e r~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ti s hB °ltet:; $0040000? 0f f (;~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ hha be
*The meth~od. of producing the'numerical forecasts .has been des-

cribed in the Bulletin of ,the AMS June, 1957 [21. T a levels
analyd ere, and-400 0b. From0 these a 900o-mb height 

.as 'determined in the same manner as described belo .for normal
charts. The forecast was. then caried out using the 9-7-4, levels.

i~ha e ~froreas nos then1

The normal charts used in the verification were from normal
i ~heig0ht~c0hart-£ of tie t 500 and 700-mb levels and the 700-1,000-mb thick-

lness:. 'This" information is sufficient tot ' determine a static stabilit y
_val:ue at each grid point. The a ssumptionthat this stability is

constant through the reqired thices is sufficin t to determ ine 
the norma values at each grid .Point .

The 500-m.b NDWAC 36-hur forecasts d the A corresponding 500-mb
I'tWAC -analysis for the 03Z hour were, X read from manuscript maps; byri

NWCpersonnel. The 1Z50-b verif icaton dat n lo h uei60 anuse is th'um

bes · ' gh ' V -
callyprodued' 500-mob forecat were otie yitroain

:betwe h 900,i 700,. and 400-mob heights inl the mane decie

above or. normals.

THREEt0L V-zE- S VRICATI0N OF 24k-HOU FOREdCATS-TS. 

In table 1, the monthly average of each: score for; each level for, 0
'the 24-hor vreifictions are presented, t ogether:with the 13-month
average. -

. It is noted that forecasts avergeette r than persist ence at
all etS. lels t enot - tgreatly so at: the 900-bs Tevel. :To -investigate.. : 

... th.is ure a little further a tabulation was made for each level;. th i , a o:lthetfie
; ' ~ of the n umb e oh.lerod s t:ugh the entire -period when the forecast:

0 -' '' was better than persistence. This result is shown' in table II.
For the entire eriod -the percentag oftime the frecast was better 

-'0 than persistetce at ea actb-h o~f t levels is shown i F 3.It is
" " arsugesdthat iterpolation to 8 5b or trao io to the -

* . . 0- 0 fi0.0:;00:1, 000 -mb -level vould giveas to what to exect if
the mo- del :Vwvere iexned togiev es at these levels. Th is:

probablyalso- would suggest what teo pet-xe from subjective forecasts,

:because,, as indicated below,:0 great:6 differences:, fare not aprn
between0 subljective skll ad the skill -of thismodel, although the
subjective is -thougt t be clerlsuperior atthe 1,000-mb level,

X f f:Xf 0::;.'', ffW00-:-;Ct00.?0-A,?thl'.ugh;t0000 t6:'b6f. cl-f ari yt-ff I 000.; ,?,:0\Mb;000fi000

VE RIFIATION iINTIME OF,-,INTERPOLATED 500-ME FORECASTS

In table IIIth e verification sofaes interpolated to 500-mb
fro0 ;4 i xfrom the 9infoa levels at 12, 24, and 36hours: are summa-(i~~~~~~~~~~~iarie Also inc.uded are itheverBCifi o srt C& ~~~36-hour forecasts.i



9 *~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Z
t~

As S t b , t 2.our forecasts are vei
values interpolatedfrom the. three levels but the 1- and 36-o
:500 -mb verif'ication heights were read directly from'the RWAC manu-
scrip A tematic dif n apprentbetween the 2

· ~': ' [~m -s.n.o sseri Ae isd'verife

sc res on e - scores o on the others.
Thusfthe gs ofnthe r ferienchart fromtheobserved
(ning,) is 25,96ikts inethe one case and 28 ts in the oter. Th
suggexamsts that tforea iv ste smoother o(mhore like thez

sug qrolaesL& 3vassuges te aboera osbyb

norfal) thaon the directly read values. his in turn suggests
cautionin initerpreting the- indiatd rate of error growth wit

t imee The ruelatively of the forecast errori at 2i. hours o mayl
inso parth ede todfren characteriss of the, verif ication
dat x mas compared with the 12- and 36- erifcat at

'' '~~~~~~ ~~~ 2 du

TIn enerl smIoohness appears to be a prombem in hverificatn
,_For "a, compoarison of two forecasts with ve rsinficat data ionhave
.any precise meaning, it is necessary t he forcastse incorporate
similar smoothi-ng (orhave the same high frequency copronents e
moved) For a, co nmarison' ofe a serieso forecasts made and verified

.~~~~~~~~~~~~~ i

against one seie f observation with anothier series of fotacasts

verifie against another series o oberivations to have precise
meaningit is necessary. that aconsistent smoozthness prevail. 'For

e·ample, a forecast smoothed so that only the zonal win remains,
show better PM, scores than would any p dture wh-ichdd otinro
duce smoothing.

it -is noted that the subjective 36-hu forecastuderdit
changes while the ~numerical does not.: In fact, the, numerical fore-.
castrog call foralost as muchhange in n Lhours as the subjective
does in 36 hors Tialnas suggested above, may possibly ~be~

sfiint to. account .for- the slgtybetter S1 ad0Fsores
enjoyed by the sub~jectiv forcats in this comparison. Practial

-.' " -~ .: '1...:e- 'e .a. .
speaking., if -these sco6res were to be taken. as, the measure: of, Skill,
experiments shuld be carri.ed on. with th ueia oeatt

reuethe .forecast. change.a amount which would maximize ths sil

Tables _'I and II aV nasneb cobined inthe maniner
in dicated ntal V Thvlusavailable give ~some indicati'on-
~of what to estimate in the table for -the -empty spaes; e6ither for

tsnueria mdlor for subjective forecasts wher inomation
may not btherwise be availabe

it may also be nted ipasn ththe3lvl forecast
"winds iee lghl4(6)to ek at Sthe 1 0-mb level a ite to

srong, at 7O-mnb~ (8f) andapre iabl too0 strong (.32~ ).at~ the
90m level.1
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-- Table 1
uontinenria. USA : nr veri:lcations

J:~ ne Jul y Aug.· Sept. oct. Nov . Dec. :<Jan. Far. Apr. May ,'June A ve

S1 .37 .39 .37, ,37 .35 3 30 .35 7 .31 .33 3 35
..o0-r.. 16.3 13.5 12.0 17.2 .23. 22,6 21 4 21 20L 9.3 6 ,17 Z?2 19~52,' Z:2,:, : )34 i:
0-oN :: 28.0- 32 23.4 27.8 37.:6:: :37.3 37 38.9:33.1 36.7 3:.63 26; 74oo~~~~~~m3; o-~:'.: 'i 91~~~~~~~~~~~~~~~~~~~.3 36.4 32 .2819,7 1400 mb 0-I 21.2 16.2 66 24.5 33.1 0398 3 .0 34.3 36 3 2 I . 1 

F-I 22.0 15.8: II' i 15.'6 24'.5 3P21 40.3 33.7 331A 37.0 37.9 32.9'22.8 19.4 8;08
F 34.1 28.3'" 26.4 ':37.9 44.5'6 60.8951.9 3.2 253 407 36 45.58

o .- :34.4': 2.'6,1 27,0 37.6 46.9:60.4 60,6 51.4 67.6 613 51.2 41.8 346.02.*
33.4 26.6. 267 37.2 -46,6 '6.8 60,4 5. 62.5 61. 6 25

s .48 .48 ~56 .11.9 .41 .40 4i42.42 .326. .364.39 .411. .44 42
.... 11,0 9.6 98 12.4 12.3 158 15.3 : 141, 613.3 135 244 12,1 9.09 1228 

01.1 12~.2 128 i" 4.I: 178 19.1 17.6 21.4 17.8 17.7 18,:3 14.4 12.79 : 1608
7O-I 3 10.2 .3 14.6 15:6 20.1 16.8 164172 1.817.8'13.0 10.95 :15.01:
:: : F-I 1.7: 10.1 114 151 1.2 22.11 19.6 17.8 20.0 2068 18:.2-1l6 21.09 15.98

F : :18.6 : 16,5 15.6- 20,9 24.2 32.7: 31.9 28.4:32.7 31.1 :273 20.7 16.87 :24,2.
0 16.8 i4:s 15.0 :18.9 23.5 29.8: 29;28 25.9 29.9 288 255 20.5 642 22,67
.. I 16,3 14.5 14.8 ~': 18:,9 23.3 29.8 2 26.1 2917 29.0: 25.7 20.4 16.64 22.62

: 6 9 ' 6 6 I' 6 .'' 958 .53 7 6 ,57 .55 .580 6 ~~~ ~ ~~57 6..5 
F31 19.5 17.2 14.5 14.8 163 13-7 11,5 9.3 !3,68

0-N' .12.1 11.0 12.3 13.4 15.416.8 15.6 .17.7 15.0 : 15.8 15,4 12.2 10,6 14,10"11:'0--12;3. i34i5.4' ' '"' :' 3 '12; 10,6 '4;-i ~~~~~~~~~~~~~~~r, Lq 6900o :0:.! :1:900~ nib 0-I10,7 9.8 12.5 15,6 15.5 19.6 17.4 15.9 16.9 18.3. 8
F-I 12.5 11.3 12,4 17,8 190 2. 6 . 181 21 18. 3 .5.8 11.8 174

F6.7 14.1 14.9 190 21. 27.6 25.3 2 237 .24.5 25 17.3 14,6 20.23
0 _ 13.8' 11.7 12. 6 14.~ $ 7 ::17.0 19,5 17.8 173 17,6 :17.8 16,.8 811,6 15.546
I, 13.1' l .9 12.4 . .!8 17.0 19,1 17.9 17.4 715 17.8 6,9 . 7

S
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Volrab eTable II

m . 8be'r of numeirical' foheasts beter than"E
:'"a - ' ! ' 0forecasts better than numerical (0:O-I') ,-

: '0:f :40o-mb': 700-mb:: 0O >b:
:: ·: · .. ' .-;:.:·. :0-:.-.'X.0 t·: . 7 ':: !:tt;N:f:: . f00. t0. CSfD:X f;?0f : ::.:.: 38:7. fS f ft

9.. I

, X :W
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Table: S: i 

Verification 0of 500'-mb rogs f or U. S. Area
f:~~~~~~~~I -0 .,tS E\S~d V.: Rt `...... t:tl ff\ ; tffff ...... :f" f 4Si l f.- - It IW0 f0- : I0-0 I

d 1955 . 1956 ' ' 
'e; ; ::Aug. Sept. 0Oct NOV I. De 'De. Ja. Feb. Mar. Apr. May June e.

0 0 .W 0j: 4- <35\~~~~~--t $i7 ' *055 30 00* ; ;0 0 .a356 t.31k70 4.27 .23 .238* .2 .22 .22 .2 .3t 0 30 .26
o-~~ 8.8 u.8 1t.~~~ L~,2 1i348 13.9'Th i2, 127. l 0. 1.3 ,

0;w-ho.:f;-0, f -;0 8000C0X08f3* 11 8'0 4:l-<8 :1- 8 37 0
N 17 6- 21.3 29.3 3 2 383 30. - 23. 32. 3 286~~~~. 23,. 22.'0? -I-1. 471. 281. 19 0 119. 820 19.6 4,_8 13l. ;1 7,37 

2-,hour F1-i b.1 , 18 14 .5 19,8 1864 .150 18,2 19.1' 15 1 1 ' L :'
F4 21 300| 361 419.1 486. 41. 50. 488-.,8 3 26.8 38.,8 .

0 ~20.9 29.2 38.5: :50.9' 50.3: 43,3, '52.4;:8 36 342 2.74.
6= '4

0 00 o-f t~~~~~~ 3 04 0 1 4- 26 300 029 6 : -0200 Xt

O-N 1;'7.7 21.0 .2 3506 26.3 316 2 27,4 2.26 228 2 0:8 2540 .....~ . I- 2 .1,8:29.8 3.6.:4'-48.8~ 4,5S~ 4!4 49 -1.-7 ,90 118 3. 267 : 38.93

:~~~~~~~~~~~~46 , 8.92.
.51',31 .49 ::38:-3 .50 .38 .4o .14 50 31626 27:

0-f' 14,4~9T 203 236229732. 52251p. 2. 83~ 3
0-F 1051.7 ·6.21 i-! 8t.33.2 8.0 30;6733:9j32.2· 30i.8' 529. 213i8 ! 28.2

'0-N: .17.0 .132,2 31.5 6· 30.9 630:,1.! 32,. 3.21 3.2 · 223·. 23,2029
36-hour F-i: 17.2 24.0::8 40,2 33,14 19, 30 25.4 . 277 8 25,2 232 722.4 0

12.~~~~~~ 9

:F p 2.1 831.60 355.1 4. 43.4 51. :48.6 42.73,1 333.8 268 .6
*0 .: 2 29. 391 509-.7 5o.43 43, 4 98' 8 ' :,, · : 8. ': 50.8 03, 34.0 2 40.12

: z .. i'2L8:298 36..~ ~838 9:3,3~
1218 29.8 34 4 48. 48 4i 4 49,7 4,9; -89.0 4 34. 7 38.93

O-f .23.6: 27 277 ' 2; #3j 2120:8'33O-N.' ' ":1736 2133'30.2 38,0: 30.,6 33.9 :32.2 .3.:98 2 "O-N,~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~3.; 6~, . 2,2
L7-16 ~03 P- 38-5 · :30,9 :3o0.1 324 3 2:. 2'3;."

24~~~~~~~~, 52 : 33~ O 30- 323. 28'93,':-P
· ~~~~~~~~~~~~~~~~~~~~~~~~~ '36-hour~~~~~~~3 7; '1 4 :.7 3. 348 ,'3'2!23.624 230Z · ' 2.24.0'444 1. 48.7 "60, 42 3' 390.7

' ~]~~~~~~'~9.,~~~~~~~~~~3 53 : 507104434 5[.::508 "43.1A 40 7,: '4,2- I !~~pii.'2]. 29. "'39,,'4 ", 488.::4, 4 41 5'497 49,'ii 4 2.60~~~~~~~~~~~~~~~~~~~~~~38,3-:;' A8: ", , -'.

;; :D :000D 0 ~ fi 1 f:3 
0 -F
0-N

,I ~TWAC 0 0O-I!
36-hour F-1

13
I : a ; I'- 0

I - , I i f t 

, 4 f : .2. PI
L:: M 0 20

.4 48 .11.
'2 18.'2' '23,3
.'6 213 30,23
.0.- :23.2 '31.6: :'
*.9 19.7 25.5.
.;8 '29,0" 366.1

3.030 110 f > 0 - i06g1;0fj-D XFS0-gR

.43

38.6:,
32,0'
47.3 
-.g

13, 6.i25.6
30. 6
30-9.
28.2 
47.5
:;?gfr 50 

27;,8
33,9
30.1
24 .8

: 4 4-
41:44

,-27.1 
32.2

1:2 ,4
128.1- 

50.3\0W 

.: /42 .46
206.0 25.4
,30.8 29,8

i 35.2 33.8 '

30.4 '29. 0
47.~~198~ 4,1.9o. 47.8::·L9

49.0 4z.:

,8 IO ; ::. 4-
.20.4~t 1~8..5V?0
23.8 22.5 
23.0 23.2-:
18.8 17.9
33.4 p6.9 ·! 
: .:000: - 0 I

.459

22,99 ·

28.:24 .
28.94
24.48
38,53

f 3
1 g8f5



4.~~~~~~~~~~~~~-

Table IV:

ver'are Value& of; the r 0 - :

900ve mb~

~'1 3,6 8

Extension

12-hour
:;: 0 21+-hour

3 600 - h o ur. 

7Q 00 mb:'i - 500 mb

1 :. ' . ' 12.36
0-:0:12.^02800:D :: ; 15.1

;..,' 23.33

+00 ~mb~

0

0

'?.
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